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SUMMARY

Supercharging iim dr~aydemonstratedits due as a mean8 of improving tb performance OJ
an airpbne at moderafeand high aWudes. In oriier to o~tain a mum-mumincrease in the,perform-
ance of an airplane den”gnedto meet definite seruicerequirements, it is necmsary thut a 8upercfiarger
of tlie proper capacity be selected. ,

Tiie effect of di~erent supercikrger-capacities on tlie performance of a? airplane and its engine
was k.resfigated by tiie sfa~ of the iYationulAdzn”sov (?omrnitfeefor Aeronautics at Langley Field,
Va. The tests were conducted L%a DE~-J.Kfi airplane powered with a Hi$erty M engn”ze. In this
‘inres!igationfour supercharger capam”tt”eslotiained @ dm-munga Roots t~e su~erclai-ger at 1.616,
1.967, 9.4, and 3 time8 engine speed, were used to maintain 8ea kel pressure at tfie carburetor to
aliiiudes of 7,000, 11,600, 17,000, and WIOOOfeet, respecfirely.

The performance of t?ieairplane in climfia~d in krelflight was de(errninedfor eacfi of thejour
supercharger drke ratio8 andfor tke urisuperchargedcondition. Tiie engine pouw wag measured
dw”ng these tests by means of a calibratedpropeller.

Although the reeds of thi8 investigation are not conducire fo general concki”one as to tfie
proper cupacity or type of superchargerfor use with all typm of a@lanes, the information collected
on the tmm”ati”onwith altitude and supercharger capacity of suchfacforg as carburetor air tempera-
tures, pouxr required to drke t?iewpercliarger, and tle net enp”nepower is of rake as a guide in tfie
selection of the most suitable supercharger capacity for airplanes hating di’’erent pe~ormance
churacteris& tkzn thase of ifie w te8ted.

l?ereral interesting concbiow pertuini~ to the e~ect of tlx capacity of a Roofs type super-
chargeron the performance of this particular airplane hate been drawnfrom tfie results of tfiesefests.

It was found that reiy little sa.cmj$cein sea-keel perjbvnunce w experienmd with tfie larger
superchargerikke ratios as mmpared with performame obtainedwhen uw”ngtfie smallerdrke ratios.

% results indicate that furtiier increase in superckzrger capam”tymer tit o~tained when
using tlte 3:1 dric$ ratio would gice a sligfit inu’ease in ceiling and in high a7titudeperformance,
M would considerablyimpair the performancefor an appreciable distance below tlie critical altitude.

As ihe supercharger capacity UU8increaed, the heigiitat which sea-hwelhig~ speeds muld be
equaled or improced became a larger percentage of the maximum lieight of operation of the airplane.

INTRODUCTION

Supercharging has, in the past few years, mtab~hed iti v~@ M Qme~s of ~pro% the
performance of-airplanes, and, as a result, superchargers are now being used on a number of
military and on a few commercial airplanes. Supplying the engine with sufficient air ta main-
tain sea-IeveI carburetor pressure at altitude, and thus increasing the weight of the charge,
redts in a large increase in power of the supercharged engine over that of the unsmpercharged
engine. This increase in engine power gives improved climb and level flight performance and
an increase in the maximum altitude at which the airplane may be operated.
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ln the selection of a supercharger for use on an airplane designed to meet deiinite perform-
ance requirements; ihe question arises es h whether it. is advisable to choose a supercharger of
sufficient capacity to maintain sea-level pressure to the maximum useful altitude or to choose one
of smallercapacity requiring lesspower. The selection”of the best supercharger capacity depends
largely upon the manner in w~ch the type of supercharger in question affects the engine power
and on the percentage of the.engine power that is used”in driving the supercharger.

A small amount of information on this subject is found in reporte on experimental investi-
gations conducted by the National Advisory Commitbe for Aeronautics and on a theoretical
inves~~ation nmde by the Matkriel Divieiin, Air Corps, United States Army. buring the
preliminwy investigation made to determine the suitt$-ility of the Roots type supercharger for
airplane service, the performance of .m.,girplanewas determined”with two supercharger capaci-
ties. (Reference 1.) Further infoln@on was obtained during an investigation of the super-
charging of an air-coded engine. (Reference 2.) Che-no”wethgives theoretical curves of engine
power versus altitude when using gear-driven centrifu@l supercharges of three different capaci-
ties. (Reference 3.]

._ <.. .. . .
This investigation was undertaken by the staff oJ the National Advisory Committee for

—

Aeronautics at the Langley Memorial Aeronautical Laboratory to determine experimentally
the tiect of the capacity of a Roots type supercharger on the performance of an airplane and
its engine. FEght t+wtewere conducted on a DH4-M2 @plane powered with a Liberty 12 engine.
The performance of th~ airplane in climb and in level flight was determined without super-
charging and with four supercharger capacities which gave critical altitudes of 7,000, 11,500,
17,000, and 22,OOOfeet. . . .

DESCRIPTION OF AIRPLANE AND EQUIPMENT

The airplane used in this invcAig@ion wa~ designated as a DH4+f2. The fuselage, which
was of welded steel tube cor@ruction, was m arranged“that the space normally used for the rear
cockpit was entirely inclosed and available for the h@rurnent installation, The weight of the
airplane with al equipment and ffly serviced at the:start of each flight was 4,3oO pounds.

The Liberty 12 engine used on all these tests was equipped”with two inverted Stromberg
NA-L5A carburetors having 1%-inch diameter chok~_ayd No,. 42 drill size metering jets.

A Roots type supercharger, N. A. C, A. Model H, of 0.382 cubic foot displacement per
revolution, was mounted at the rear of the engipe and driven through a flexible coupling from the
engine crank shaft. Descriptions and performance c.hiiracteristicsof Roots type superchargers
are given in references 4 and ti. Four supercharger”,mpac.ities,obt ained by driving the super-
charger at 1.615, 1.957, 2.4, and 3 times de speed;“enabled the maintenance of sea-level pres-
sure at the carburetm to altitudes,of 7,000, 1J.,500; 17,000, and 22,oOOfeet, respectively. The
inlet passages to the supercharger were extended slightly beyond the fuselage on both sides to
form air scoops. The duct from the supercharger to the carburetors was built from a flexible
metal tube. A general view of this installation is shown ip F&me 1.

A Martin bomber supercharger propeller, Air “Service part No. 065323, diametir 10.67
feet, pitch 6.33 feet, was used on all flights. This propeller had previously been calibrated on
the same airplane, by means of a hub dynamometer, ind a curve of the variation in its torque

coefEcient with &obtained.

The cooling system was augmented by a booster radiator, having a 9-inch core with a-frontal
area of 2.25 square feet, connected in series with thg nose radiator .as shown in F&ure 1. Thh
booster radiator was made sui%ciently large sc that--ample cooling would be obtained during
full supercharged continuous climbs in the hottest iiinnmer weather. A pressure relief valve
set at 3 pounds per square inch was used to increase the boiling point of the water at high
altitudes.

AU readings taken during this investigation were recorded automaticaUy. The readings
of the indicating instrument were recorded by an ‘(automatic observer,” which consisted essen-
tially of a light-tight box and a motor-driven motion-picture camera focused on the dials of
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the instruments. These indicating instrum~ts were~ A sealed altimeter for the measurement
of carburetor inlet air pressure; four electric resistante thermometers for measurement of
(1) atmospheric temperature at a point under the lower wing, (2) air temperature at the inIet
of the supercharger, (3) air temperature at the outIet of the supercharger, and (4) air temperature
at the inlet of the carburetor; a chronometric tachometer for measurement of engine speeds;
an experimental Venturi type fueI flow meter; and a distance type vapor pressure thermometer
for the measurement of fuel temperatures at the flow meter. In addition to the instruments in
the automatic observer an N. A. C. A. type record@ altimeter air-speed meter unit and a
recording pressure instrument were used. The altimeter recorded atmospheric pressure. The
air-speed met~ was cmnected to a swivel type Pitot head mounted on a strut. The recording
pressure instrument measured the pressure difhwnce betvieen the carburetor inlet and the pint
of attachment of the priming lines on the inlet manifold. AU records were synchronized during
flight by an electric motor-driven N. A. C. A. chronometric timer wbigh made reguIar timing
dots on the film records.

—

____
. ..—

!i%mmL–DH4-MZd.rPkMshowinsfnstnktlan ofwwchwer andboast= radhtor

METHODS

For an investigation of this nature, the best criteria of comparative performance are rate
of climb and speed in Ievel flight.. In order that a comparison of climb performance could be

.

obtained, it was necessary to determine the best rate of chnb without supercharging and for
each of the four supercharghg conditions. The rate of climb with full engine power being depend-
ent on air speed, the air speeds for the best rate of chmb for each condition of supercharging
and without supercharging were determined as foIIows: A continuous cknb was hit made at

———

the air speeds estimated to give the best rate of climb, a second cIimb was made at air speeds
5 hi. P. IL higher than in the &-at @t and a third climb made at air speeds 5 M. P. H. lower
than in the first flight. From these three climbs, the air speeds for the best rate of climb were
determined, and a fiaI continuous chrnb w-asmade at the seIected air speeds. On dl super-

..— —

charged cIimbs the pilot fit attained full throttle conditions and then, by regulation of the
supercharger by-pass valve, maintained asnearly as possible a p=ure of 29.92 inches of mercury
at the carburetor idet. These pressures, which were indicated by a seaIed altimeter in the
cockpit, were maintained constant untiI the by-pass wd-re was completely cIosed. The desired
air speed was obtained by varying the attitude of the airplane. .——

lwmm+~
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To obtain high-speed performance, level runs of approximately six minutes duration were
made at increments of 6,000 feet altitude for each supercharging condition.

During alI of these tests the following readings wgre taken: Atmospheric pressure, atmos-
pheric temperature, supercharger inlet air temperat~e, superclywger outlet air temperature,
carburetor hdet air temperature, carburetor inlet air pressure, pressure drop from the carburetor
inlet to the inlet manifolds, volume rate of fuel flow, fuel temperature at the flow meter, airspeed,
me speed, and time.

The cIirnbperformance of the airplanewas reduced to the conditions of operation in standard
atmosphere by the method described in N. A. C. A. Technical Report No. 216. (Reference 6.)
The rates of climb were determined graphically by drawing tangents to the time-altitude curves ,.
plotted on a large scale.

In order that engine power could be measuredduying this i&estigation, the propeIIer used
was first calibrated on this airplage by meam of a hub dynamometer. To calibrate the-prc-

T7

pdb, R series of runs was made at VariOUS~gl~ of attack cove~g the usef~ .r~ge of fiD

for the propeller. The values of a nondimensional .lcmque coefficient were computed from
measurements of engine torque, ah speed, and density. T& torque coefficient, commonly

used in propeller work, is Ua= Q— *where Q is torque, p is mass density of the air, V is ve-”pP.ZY

locity of the airplane, and D is propeller diameter. The values of the coefficient ~- were com-
T7

puted from air speeds, engine speeds, and propdk .~~eter. A cuye O!~Rversus Caw= thus

obtained for the propeller. This coefficient being nondimensional, is applicable at any altitude
provided that there is no blade deflection or twist. For this propeller, no change in coefficient

for the same value of ~~ was obtained at5,000 and at 14,000 fe& altitude. The power delivered

to the propeller was detanined for the @ht t~~ by ~mpu~g $ and men obtfig G

from the propeller calibration curve. All quantities in the equation for torque coefficient are
known except the torque Q which can then be calculated.

To obtain an accurate comparison between fl.ights$~me of which were made in winter and ‘
some in summer, the brake horsepower measurementsyere corrected .to standard atmospheric
conditions. In applying this correction it was fit neceeamy @ establish, from the experimental
information availabIe, the variation in carburetor air temperature and pressure with altitude
for each supercha@ng condition. The critical altitude or maximum altitude to which sea-level
pressure was maintained was first dekrniined from the exp~ental data. This critical alti-
tude for each supercharger capacity was corrected for the effectif seasonal temperature changes
sc as to obtain the critical altitude for standard atmospheric conditions. Below the critical
altitudes, the carburetor air pressure was .sssumed to _be 29.92 ~ches of mercury. Above the
critical altitudes the experimental data indicate that there was a gradual increase in the ratio
of atmospheric to carburetor air pre~ure. Using the+e same rates of increase, the carburetor
air pressureswere computed from standard atmospheric pressuresan! we experimental pr~ssure.
ratios. The temperatures of the supercharger outlet EL@were determined from the standard
atmospheric temperatures and pr~ures and thq wtabhhed standard carburetor air pr~sures ,.

P1 ‘1= #z. Mu vahms
()

using the thermodynamic reIation for polytropic changes of state ~-

of n, determined experimentally for each drive ratio, were used in this equation. The tempera-
ture drop from the supercharger outlet to carburetor @et was found from experimental data to
have a direct relation to the temperature difference between the inside and outside of the duct
at the supercharger outlet. Thjs relation was ~d -b obtain the carburetor air temperatures
from the supercharger outlet temperatures for standard conditions.

.,

The observed values of brake horsepower, for the best flight of each supercharged condition
and for the best flight of the unsupqrcharged condition, were corrected to the established standard
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carburetor air temperatures and pressure Brake horsepower was corrected by direct ratio for
tie pressure chrmge and by the inverse square+oot rdation for the temperature change. These
changes in pressure and temperature from observed to standard conditions were so srudl that
the error in correcting the brake horsepower rather than the indicated horsepower was negligible.
@ference 7.)

The power required to drive the superchrmgerat sItitude for each capacity was calculated
from the rdation

~. -dn (P, –P,) +Pow= 10M
33,000

where d is supercharger displacement, n is supercharger speed, and (Pa—PJ is the pressure
difference at the supercharger outlet and inlet. Tha power 10SW for each speed and pressure
difference were obtained from the curve of horsepower versus supercharger power losses given
in reference 5.

RESULTS

Data from the flight tests me shown in Tables I to XV, inchsive. Calibrations have been
applied to aJIquantities used in computation snd designated in tables as “observed.” Tables 1,
IV, VII, X, and XIII give data from the flights considered to be representative of optimum
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FIGU’BEZ.-Cllmb performanceof DH4-W~ with noWPWClI@I18 uid with CCNESU~
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performance without supercharging and with supercharging using the 1.615:1, 1.957:1, 2.4:1,
and 3:1 drive ratios, respectively.

Figure 2 shows the time to cLimband the rate of climb for the five supercharging conditions
plotted against standard altitude. These curves conform C1OSSIYto the data horn the optimum
climbs given in the tables but have been faired slightIy to form a fardy of curves. It k of
interest to note that there is very little difference in the time b climb to 10,000 feet with the
diflerent supercharging conditions.

The air speeds in climb and in IeveI flight for the five conditions are shown in Figure 3.
The curves for the climbing conditions chow the sir speeds giving the best rates of climb as.
determined horn cross plotting of SU the data obtained with each supercharging condition.
The curves for level flight were drawn from actual test data-,but were faired to give a consistent
family.

The curves in Figure 4 show the power delivered by the engine to the propeller during
climb. These power values were obtsined from the optimum climb data by using the propeller

—
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calibration and have been corrected to standard atmosphere. Data at the low altitudw were
soinewhat scattered and the curves have been faired h this range. The cqrves of power to
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drive the supercharger during climb, shoy-n On the same sheet, were drawn from data obtained
during previous laboratory tests of the Rooti type sup~rcharger.’ (Reference 5,)

Figure 6 shows the engine speed in climb and in level flight for the diflerent -supercharging
conditions. The engine speeds for the climbs were de~ermined by fairing curves from. all the
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FIGURE4.–Power dellveredby the engineto tha ~peller and POWSIrequiredto
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.
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teat data in a manner similar to that used for deterag the air speeds in cLimb, The engine
speed curves for level flight were drawn from actual teat data.
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Temperatures of the atmospheric air, supercharger outlet air, and carburetor inlet air for
the four supercharged climbs are show-nin Figure 6. These data were taken from the optimum

, , , ! r r 1 I

4000 / I
Czkb i II / /

FtouumL—Engine spwds of DH4-.Mz afr@ane In cffmb andhrlemf fffghtmth nosupercbargfngend m’fthkm sumharglng capacftfm

climbs given in Tables IV, VII, X, and ~11. The atmospheric and carburetor air pressures
for the same conditions are shown in Figure 7. The abrupt decrease in pressure shown by the
carburetor pressure curves indicates that the by-pass valve had been oompletdy closed and that
the engine used tdl of the air delivered by the supercharger at higher altitudes.
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Figure 8 shows the atmospheric and carburetor air temperatures and pressures for the five
test conditions in climb on the basis of operation in standard atmosphere. These curves show
a rapid increase in maximum discharge temperature with an increase in superch~er capacity.
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The pressure drop from the carburetor inlet to the i~et manifold is sho.~ in the third group
of curves of this figure.

*essurq in. of Hq.
14 18 22 26 34..,.101418

28000 , .,. .
HI!

24000
I 3#.OriVe

“..
[

Lq5iV Drive ro~~ 1

~ 20000 ,
t% lAfmn=!

& Illlmll’a% 1.
1> I I I 4 1“ 1%I I I Al I I

Fressurg m. of @

The slip speed, which is.the speed necessary to maintain a defmita pressure difference with
no delivery, was determined by laboratory tests. The slip speed curve for the supercharger
used is shown in Figure 9.

The propeller calibration curve from which engine power was determined is shown in
Figure 10..
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DISCUSSION OF RESULTS

The airplane performance curv= shown in Figures 2 and 3 indicate that there would be
very Littleincrease in ceiling and in high i-altitudeperformsme if the drive ratio were increased
beyond 3:1. The trend of the rate of climb curves shows that further increase in superchmger
capacity would considerably impair the airphme performance near the criticaI altitude.

A loss in performance at sea level was expected with the huger capacities, due to the in-
creased power required to drive the supercharger of krger capacity o~er that required for one

.

FIGUEZfl.-8!fP SPW@ of LiuPerclUWerosed dudns dfghttastd

of smaller capaci~. This loss in sea-level performance, however, was actually found to be
very and, as the curves in F~ure 2 indicate. This difference in performance, whiIe hardly
noticeable from the time to chrnb curves, is easiIy seen from the rate of climb curves.

It is interesting to note, in Figure 3, that as the gear ratio was increased, the height to
which sea-level high speed was maintained or bettered became a larger percentage of the mati-
mum height of operation of the airpkme. The air-speed curves indicata that up to the critical
altitudes the maximum speeds in level tlight were very nearly the same for each supercharger
capacity.
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A considerable falling off in power below the critical ahitude was experienced with the
two higher supercharger capacitk, as shown in F~e 4. This loss in power is partiwy
accounted for by the increased power required tQdrive the supercharger, as the second group of
curves in Figure 4 indicates. At the critical ahtitude with the 3:1 drive ratio the, sum of net
engine power and supercharger power is the same as the engine power at sea level. h all other
cases the tofial engine power at the critical altitudes is sIightly higher than at sea level. The
net engine power curves represent actual flight conditions for a il.xed pitch propeller and are
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considered to be of greater value for use in making. w@seS than power CUJXWSat co~tant
engine speed. These power curves substantiate the ccmclusion made in connection with the
airplane performance curves, that the supercharger dtive ratio should not be incre~ed beyond .
3:1. A striking similarity is found between these power curves and the rate of climb curves
of Figure 2.

The supercharger power curves show.that, for the higher gear ratios, the power required to
drive the supercharger increases very rapidly with altitude and that, for the highest gear ratio,
the supercharger power is 24 per cent of the engine power at the critical altitude.

The engine speeds (fig. 5) are of interest only in ~nnectionwtith tie “mannerb- which they “””
&ect engine power. These engine speeds are influenced by the deqaity of the air and the
characteristic of the propeller used. Although, it would have been better from the standpoint
of performance to have used a series of propellers, each allowing the engine speed in level flight
to reach the maximum allowabIe value for each supercharging condition, it- was thought that
the experimental work involved in first determining the propellers suitable for each condition
and then calibrating the series of propellers would be unwarranted. On these tests a wooden
propeller was used primarily because it was the most suitable propeller available for use with
supercharged engines and becaqse it could be calibrated on this same airplane. For calibrating,
the propeller, a hub d~amometer suitable for use at low altitudes and only applicable to wooden
propellem was available at this time. The propelkr efficiency curve (fig. 10) shows that at ther.
values of ~D given in the tables the propeller used WAS operatig near its mafiurn efficiency

during climbs. In comparing the performance with the different capacities it should be borne
in mind that the performance with the smaller capacities would have been improved somewhat
had more suitabIe propellers been used.

The temperature curves of Figure 6 show the large temperature rise caused by the com-
pression of the air in the supercharger at the higher .altitudea. A measure of the cooling that
took place while the air flowed from the supercharger to the carburetor is aIso shown on these
curves.

Readings of manifold pressures were taken on several flights for each drive ratio. These
data were pIotted against altitude and cross pIotkd against engine speed. The curves in
J@ure 8 were taken from the constmt ~ti$ude cwvss at values of engine speed given in Figure 5.

‘Although troublb was experienced with the fuel flow meter, measurements of fueI flow were
obtained for several flights. These data will’ be checked on further flight tests and reported
upon later. .

Because some trouble had previously been experienced from contacting of the impellers
with the end of the case, and it was desired to eliminate any possibility of repetition of this
trouble during the flight tests, the impdler end clearance was adjusted to 0.015 inch, which
was about 0.005 inch more than had been used for laboratory tests. This increase in clearance
at the ends of the impellers caused an increased amount of dip over that obtained with smaller
clearances. This caused the temperate of the discharged air to be further increased and,
therefore, an increase in the polytropic exponent of compression.

The compression exponents for each supercharger capacity were computed from the measure-
ment of temperatures and pressures of the supercharger inlet and outlet. The computations
showed that average compression exponente of 1.740, 1.776, 1.838, and 1.915 wem obtained
for the 1.615:1, 1.957:1, 2,4:1, and 3:1 drive ratios, rmpectively. previous laboratory
tests with smalIer hnpeUer end clearances gave an average value for the compression exponent
of 1.48 for this model supercharger. (Reference 5.) .Although it was realized that increasing
the impeller clearances would lower the rolumettic .eiiiciency, it was not expected that the
additional heat added to the air dipping back through the clearance spaces would result in such
a marked increase in the compression exponent. .

Precision type ball bearings were installed in the supercharger for these tests and their
successful maintenance of constant impeller end clearance indicates thatino mechanical troubles
would bc expected with clearance reduced to that used in laboratory taste. No mechanical
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troubks of any kind were experienced during these tests, which extended over 50 hours of full-
power flying.

Considerable cooling of the air deIivered to the engine by the supercharger was obtained
with the long Eir duct used on th~e tests. (See figs. 1 and 6.) The influence of this cooling
on the comparative performance of the airplane is of interest. If no cooling were obtfined,
the carburetor sir temperatures would be higher, the engine rvouId use kss weight of air, the
critical ahitude wotid be raised, and the engine would deliver less power beIow the criticrd alti:
tude. If an air intercooler had been used the reverse condition would be true. Above the
critical aItitude the use of an intercooler is a detriment to performance, for the reason that the
engine uses au of the air that the supercharger fl ddiver regardless of the temperature, whiIe
the intercooler creates additional drag.. It is evident that the use of an intercooler would im-
prove performance below the critical altitude with the higher supercharger capacities. It is
also beIieved that less cooling of the inlet air vrotid be experienced in most service installations
than was obtained in this experimental case unless an intercooler were used. & improvemmt
of the adiabatic efficiency of a supercharger wotid obviously be of greater value than the use
of an intwcooler and there wouId be no increase in drag. For this particular supercharger the
efficiency could be considerably improved by reducing the impelIer end clearancm.

The temperatures recorded by the thermometer at the supercharger idet were fiwm 10° to
20° F. higher than the atmospheric temperature as measured under the lower w-. It is be-
lieved that heat was conducted from the supercharger case to this thermometer, so that in calcu-
latiug the temperature rise in the supercharger the atmospheric t~perature values were used
instead of those g&en by the thermometer in the inlet passage.

CONCLUSIONS

From the results of these tests several interesting comhsions pertaining to the tiect of the
capacity of a Roots supercharger on the performance of this particular airpkme are drawn.

It was found that an increase in supercharger drive ratio resulted in onIy a vay smalIreduc-
tion in sea-level performance from that obtained with the lower gear ratios.

These results indicate that a further increase in supercharger capacity over that when using
the 3:1 drive ratio would result in but slight increase in ceding and in high ahitude perform-
ance. This further increase in capacity would considerably impair the performance for the range
of altitudes immediately below the critical altitude.

& the supercharger capaci@ was increased, the height to which sea level high spe&dcould
be eqmded or improved became a larger percentage of the matium height of operation of the
airphme.

Although the results of this investigation are not cmducive to drawing generaI conchsions
as to the proper capacity or type of supercharger for use with all types of airplanes, the informa-
tion coUected on the variation with altitude and supercharger capacity of such factors as car-
buretor air temperatures, power required to drive the supercharger, and the net engine power is
of considerable value as a guide in the selection of the proper supercharger capacity for airplanes
of different performance characteristics than those of the one tested.
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TABLE XV.—SIJPERCHARGED .CLIMB USING THE 3:1 DRIVE RATIO
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